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(57) ABSTRACT 
Embodiments of the present invention may provide a battery 
monitor for a battery system that avoids current loops. A 
battery monitor may be provisioned as an integrated circuit 
and may include a pair of Supply pins for reception of power 
to the integrated circuit, a third high impedance pin, and a 
Voltage regulation circuit. When the circuits are deployed, 
the supply pins of several battery monitors may be con 
nected to each other to form a stack. The high impedance 
inputs of each battery monitor may be coupled to low 
Voltage terminals of an associated battery cell. A voltage 
reference circuit within the battery monitor may maintain 
the Voltage at a low Voltage Supply of the monitors at a level 
that matches the Voltage present on the high impedance 
input. Thus, the Voltages on the monitors low voltage 
Supplies may be regulated. As a result, no current should 
flow through the high impedance pins of the battery monitor. 
All current flow should occur through a single loop that 
extends through the entire Stack of battery monitors. 

24 Claims, 3 Drawing Sheets 
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DEVICE AND METHOD FOR EQUALIZING 
CURRENT DRAN FROMA BATTERY 

STACK 

RELATED U.S. APPLICATION 

This application claims the benefit of U.S. Provisional 
Patent Application No. 61/653,829 filed on May 31, 2012, 
which is incorporated herein by reference. 

FIELD OF INVENTION 

The present invention relates to battery stack, and more 
particularly, to a system and method for equalizing current 
drain from a battery stack. 

BACKGROUND 

Battery stacks typically are used in hybrid electric 
vehicles and/or electric vehicles (collectively, “HEV/EV). 
A battery stack, at its name implies, contains several battery 
cells connected in series to form a stacked structure. The 
battery stack generates electrical power to run a motor, 
which propels the HEV/EV. During operation of a battery 
stack, electrical circuits called “battery monitors' measure a 
several characteristics of the cells in the battery stack, such 
as overall Voltage, Voltage per battery cell, temperature, state 
of charge, etc. A battery monitor is an electrical circuit, 
typically provided in a unitary integrated circuit that mea 
Sures these characteristics across individual cells of the 
battery stacks and reports measured data to a processing 
system. The battery monitors, therefore, monitor and con 
firm reliable operation of individual battery cells and the 
battery stack as a whole. 

Conventional battery systems may include a plurality of 
batteries in a stacked configuration. Several factors contrib 
ute to reduced efficiency and lifespan of battery systems. 
One such factor is the need for cell balancing, and more 
frequent cell balancing increases power demands such that 
efficiency is reduced. In addition, Stacked battery systems 
typically suffer from a host of electromagnetic interference 
(EMI), hot swap, and electrostatic discharge (ESD) effects. 

Accordingly, the inventor recognized a need for a battery 
stack and monitoring system that is more efficient and 
provides enhanced immunity to EMI, hot swap, and ESD 
effects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified block diagram of a conventional 
battery stack monitoring system. 

FIG. 2 is a block diagram of a battery stack monitoring 
system according to an example embodiment of the present 
invention. 

FIG. 3 is a functional block diagram of battery monitor 
according to another example embodiment of the present 
invention. 

FIGS. 4 and 5 are circuit diagrams of a battery monitor 
Voltage reference circuits according to various embodiments 
of the present invention. 

DETAILED DESCRIPTION 

Reference will now be made in detail to the embodiments 
of the present invention, examples of which are illustrated in 
the accompanying drawings. Wherever possible, like refer 
ence numbers will be used for like elements. It is to be 
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2 
understood that both the foregoing general description and 
the following detailed description are exemplary and 
explanatory and are intended to provide further explanation 
of the invention as claimed. 

Embodiments of the present invention may provide a 
battery stack monitor system for a battery system that avoids 
the drawbacks of conventional battery stack monitor system. 
A battery monitor may be provisioned as an integrated 
circuit and may include a pair of Supply pins for reception 
of power to the integrated circuit, a third high impedance 
pin, and a Voltage regulation circuit. When the circuits are 
deployed, the Supply pins of several battery monitors may be 
connected to each other to form a stack. The high impedance 
inputs of each battery monitor may be coupled to low 
Voltage terminals of an associated battery cell. A voltage 
regulator circuit within the battery monitor may fix the 
Voltage at a low voltage Supply of the monitors at a level that 
matches the Voltage present on the high impedance pin. 
Thus, the Voltages on the monitors' low Voltage Supplies 
may be regulated. 

FIG. 1 is a simplified block diagram of a conventional 
battery stack monitoring system. As shown in FIG. 1, a 
conventional battery system 100 includes a plurality of 
batteries V-V (each of which could include a stack of 
battery cells, as desired) and battery monitors 110.1-110.N 
each in a stacked configuration. For example, a high Voltage 
terminal of battery V is connected to a low voltage terminal 
of battery V at node 120.2, a high voltage terminal of 
battery V is connected to a low voltage terminal of an 
adjacent battery V (not shown), and so forth. Battery 
monitors 110.1-110.N are connected to respective batteries 
V-V from the stack. Thus, V, and Vss supply pins of 
battery monitor 110.1 are connected respectively to high and 
low voltage terminals of its associated battery V (nodes 
120.1, 120.2). V, and Vss Supply pins of battery monitor 
110.2 are connected respectively to high and low voltage 
terminals of its associated battery V respectively (nodes 
120.2, 120.3 (not shown)). The V, supply of one battery 
monitor (e.g., monitor 110.1) and the Vss terminal of a 
neighboring battery monitor (e.g., monitor 110.2) are con 
nected to a common node 120.1 between two adjacent 
batteries V. V. This connection scheme continues for each 
battery monitor 110.1-110.N of the stack. For the purposes 
of the present discussion, it is immaterial whether each 
battery V, V, etc. is provided as an individual battery cell 
or a stack of cells. 

Each battery monitoring circuit 110.1-110.N includes a 
variety of monitoring circuits represented by a load Z in 
FIG. 1, which may have test input connections to the battery 
stack (not shown) as may be appropriate for the types of 
monitoring that are to be performed by the circuits 110.1- 
110.N. These circuits are a load on the cell stack, drawing 
current I from the Supply pins V, and Vss of the respective 
battery monitor 110.1-110.N in which they reside. Current 
balance between I-I is especially critical when the vehicle 
is not in operation and the battery monitoring circuits are the 
primary loads. During operation of the battery monitoring 
system 100, current flows from each battery VI-V through 
the V, Supply pin of an associated battery monitor 110.1- 
110.N, through the battery monitor's testing circuit Z. 
through the Vss supply pin of the battery monitor 110.1- 
110.N and back to the source battery V-V. Consequently, 
current loops I-Iy are formed between each battery V-Vy 
and a corresponding battery monitor 110.1-110.N. As a 
result, the current flowing through each battery monitor 
110.1-110.N may be different with a load imbalance. 
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Imbalanced loads (Z) results in different discharge rate of 
each cell Stack producing an unbalanced cell stack Voltages. 
Corrective action, such as cell balancing, is utilized to 
maximize cell stack balance to maximize cell lifetime and 
efficiency of the batteries V-V, in the battery stack. The 
more imbalanced the cell loads the more frequent cell 
balancing, leading to increased power loss and less effi 
ciency. 

Moreover, HEV/EV battery systems typically suffer from 
a host of EMI, hot swap, and ESD effects. Additional 
measures are needed to ensure that EMI, hot swap, and ESD 
conducted via the battery stack cabling does not affect 
operation of the battery monitoring circuit, since it is 
required to maintain a low impedance path between the 
battery cells and associated battery monitoring circuits 
supply. EMI, hot swap, and ESD can alter the integrity of 
battery monitors’ measurements, which may lead to errone 
ous data and may also result in circuit damage. 

FIG. 2 is a simplified block diagram of a battery moni 
toring system 200 according to an example embodiment of 
the present invention. The battery monitoring system 200 
may include a plurality of batteries V-V, in a stack con 
figuration (for example, a high voltage terminal of V may 
be connected to a low Voltage terminal of V, a high Voltage 
terminal of V may be connected to a low voltage of V . 
and so forth). V through Vy each may include a stack of 
cells. The battery monitoring system 200 may include a 
plurality of battery monitoring circuits, 210.1-210.N. in 
which high and low Voltage Supplies V (pins 240.1- 
240.N) and Vss (pins 250.1-250.N) of each chip are con 
nected to each other to form a stack. The high Voltage Supply 
V, (pin 240.N) of a top battery monitor 210.N in the stack 
may be connected to a high Voltage terminal of a top battery 
Vy in the battery stack. Similarly, the low Voltage Supply Vss 
(pin 250.1) of a lowest battery monitor 210.1 in the stack 
may be connected to a low Voltage terminal of a lowest 
battery V in the battery stack. All supply current (shown as 
Is) for the battery monitors 210.1-210.N may flow from 
the V, pin of the top battery monitor 210.N, through the 
Vss-to-V, connections (nodes 250.2-250.N) of the inter 
mediate battery monitors 210.2-210.N-1 and through the 
Vss pin of the bottom battery monitor 210.1. 

Each battery monitoring circuit 210.1-210.N includes a 
variety of monitoring circuits represented by a load Z in 
FIG. 2, which may have test input connections to the battery 
stack (not shown) as may be appropriate for the types of 
monitoring that are to be performed by the circuits 210.1- 
210.N. Each battery monitoring circuit 210.1-210.N may 
have a variety of modes (e.g. full, balance, stand-by, sleep) 
where each mode will correspond to a specific impedance Z. 
Variations in Z may also arise due to process variations 
between battery monitor circuits. 

With the exception of battery monitoring circuit 210.1, 
battery monitoring circuits 210.2-210.N may include refer 
ence circuits 220.2-220.N coupled to the Vss pins of the 
respective battery monitors 210.2-210.N. The reference cir 
cuits 220.2-220.N each may have a high impedance input 
terminal 230.2-230.N connected to nodes 260.2-260.N. 
between the batteries V-V. The voltage reference circuits 
220.2-220.N may maintain voltages at the Vss terminals 
250.2-250.N at a common level as the voltages present on 
corresponding nodes 260.2-260.N respectively. Optionally, 
as discussed below, circuit 210.1 could have an architectures 
similar to the circuits 210.2-210.N. 
As illustrated in FIG. 2, a battery monitoring circuit 210.1 

at the bottom of the stack may include a current supply 270 
coupled in parallel with the impedance load Z. The current 
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4 
Supply can be controlled by a corresponding control circuit 
(not shown) associated with battery monitoring circuit 210.1 
and sized to ensure that the current Is flowing through 
the stack is sufficient to satisfy needs of the monitor circuit 
having the greatest current needs. 

During operation, a single current loop Ist may be 
formed that extends through the entire battery stack V-V. 
and the entire stack of battery monitors 210.1-210.N. The 
reference circuits 220.1-220.N may operate to maintain 
voltages at the low supply terminals Vss (pins 250.1-250.N) 
of each battery monitor 210.1-210.N at values that match 
voltages present on an associated node 260.1-260.N-1 of the 
battery stack. By setting the Voltage at the low Supply pin 
Vss (e.g., pin 250.N) of a battery monitor circuit (e.g., 
monitor 210...N), the voltage reference circuit (e.g., 220.N) 
also sets the Voltage of the high voltage supply pin V, (e.g., 
240.N-1) of a next lower battery monitor 210.N-1, without 
drawing appreciable current at the reference circuit's high 
impedance input 230.N. 

Also depicted in FIG. 2 is an example structure of a 
Voltage reference circuit 220.N according to an example 
embodiment of the present invention. The voltage reference 
circuit 220.N may include an amplifier 222.N (e.g., a non 
inverting unity gain amplifier) for controlling a variable 
current sink 224.N. An inverting input to the amplifier 222.N 
may be connected to the Vss pin 250.N of the battery 
monitor 210.N and a non-inverting input may be connected 
to the low voltage node 260.N of an associated battery V. 
The other voltage reference circuits 220.2-220.N-1 may be 
provisioned in a Substantially similar manner as known in 
the art. 
The amplifier 222.N may operate as a unity gain amplifier 

where the current sink 224.N may conduct an amount of 
current, shown as I(X). This current I(X) circumvents 
current consumed by the monitoring circuit Z of the battery 
monitor 210.N. In this manner, the voltage reference circuit 
220.N maintains the voltage at its Vss terminal (node 250.N) 
at the same level as the voltage at node 260.N. The other 
battery monitor circuits 210.2-210.N-1 operate in a sub 
stantially similar manner to circuit 210.N. Because the 
inputs 230.2-230.N of the battery monitor circuits 210.1- 
210.N each are high impedance, insignificant current is 
expected to flow from the nodes 260.2-260.N through those 
inputs 230.2-230.N. Accordingly, it is expected that a single 
current loop will be formed within the system 200, repre 
sented by ISTACK rather than multiple current loops of 
other configurations. 

Optionally, the voltage reference circuits 220.1-220.N 
may include a programmable offset controller (not shown) 
which may introduce an offset component into the control 
signal input to the current sinks 224.1-224.N-1. During 
operation, the offset controller may add a predetermined 
offset value to an output signal generated by amplifier 222.N 
(which may be Zero in appropriate circumstances). 
As indicated, the battery monitor circuit 210.1 in a lowest 

stack position may have a current source 270 in parallel with 
Z load in battery monitor circuit 210.1 to provide current in 
the loop Sufficient to serve the most power hungry monitor 
within the stack. In another embodiment, rather than provide 
a separate current driver 270, the battery monitor 210.1 itself 
may be provisioned with the current driver 270 that is set to 
a programmable level within the circuit 210.1 as specified by 
a control register (not shown). 

Alternatively, each battery monitoring circuit 210 may 
include a current sink that can be controlled either by an 
amplifier or the control register. This configuration is shown 
functionally in FIG. 3, where a battery monitor 300 is shown 
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as having an amplifier 310, current sink320, control register 
330 and a multiplexer 340. The multiplexer 340 may accept 
a mode control signal that determines which of the amplifier 
310 or the control register 330 controls the current sink 320. 
When the battery monitor 300 is placed at the bottom of a 
battery stack, for example, as battery monitor 210.1 in FIG. 
2, the mode signal may control the multiplexer 340 to cause 
the control register 330 to control the current sink320. When 
the battery monitor is placed at other positions of the stack, 
for example in the position of monitors 210.2-210.N in FIG. 
2, the mode signal may control the multiplexer 340 to cause 
the amplifier 310 to control the current sink 320. Thus, 
battery monitors may be manufactured according to a single 
design and yet find application at different positions within 
a battery stack. 

Returning to FIG. 2, in another embodiment, resistors 
R-R and/or capacitors C-C may be placed between the 
nodes 260.2-260.N of the batteries V-V and the high 
impedance inputs 230.2-230.N of the battery monitor cir 
cuits 210.2-210.N. The capacitors C-C and resistors 
R-R may form low pass filters on the monitor inputs 
231.2-230.N to minimize EMI susceptibility. The R-R 
resistors can be adapted to prevent damage to the battery 
monitor system 200 by limiting current during “hot swap” 
(for example, when one battery monitor is replaced during 
operation of the system) or ESD. The resistors R-R may 
have robust impedances suitable for use in HEV/EV systems 
where voltages of several hundred volts typically are pres 
ent. For example, the R-Ry resistors may have resistances 
of 10 kS2 or more to limit currents during hot swap and ESD. 

FIG. 2 presents functional block diagrams of the voltage 
reference circuits 220.2-220.N. The voltage reference cir 
cuits may be implemented in a variety of ways. Two 
embodiments are illustrated in FIGS. 4 and 5 respectively. 

FIG. 4 illustrates a battery monitor 400 according to an 
example embodiment of the present invention. The battery 
monitor 400 may include a testing circuit Z and a Voltage 
reference circuit 420. The battery monitor 400 may have test 
inputs (not shown) that connect the testing circuit Z to an 
associated battery to measure characteristics of each battery 
Such as overall Voltage, Voltage per battery cell (not shown), 
temperature, State of charge, etc. The Voltage reference 
circuit 420 may have a high impedance input 430 coupled to 
a low voltage terminal of an associated battery (not shown) 
and a second input coupled to a Vss pin 450 of the battery 
monitor 400. 
The voltage reference circuit 420 may include an ampli 

fier 422 (e.g., a non-inverting unity gain amplifier) and a 
current sink 424. An inverting input to the amplifier 422 may 
be connected to the Vss pin 450 of the battery monitor 400 
and a non-inverting input may be connected to input 430, 
which is to be connected to a low Voltage node of an 
associated battery in a battery stack. In the embodiment 
illustrated in FIG. 4, the current sink 424 may be provided 
as a FET transistor whose gate is coupled to an output of the 
amplifier 422. 
The battery monitor 400 may find application in the 

battery stack system as illustrated in FIG. 2. The battery 
monitor circuit 400 may have a pair of high and low voltage 
Supply pins 440 and 450 for connection to local V, and Vss 
supplies of the battery monitor 400. As in the case of FIG. 
2, a plurality of battery monitors 400 may be provided in a 
stacked configuration, which are connected to each other by 
V, and Vss Supply pins. Thus, the V, pin 440 of one 
battery monitor 400 may be connected to a Vss pin 450 of 
an adjacent battery monitor (not shown in FIG. 4) to form a 
stack. Similarly, the Vss pin 450 of one battery monitor 400 
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6 
may be connected to a V, pin 440 of an adjacent battery 
monitor (not shown in FIG. 4) within the stack. As in the 
FIG. 2 embodiment, the input 430 is high impedance and, 
therefore, the battery monitor 400 will achieve a single 
omnibus current loop as shown in FIG. 2 when assembled 
into a stack rather than individual current loops as in the 
FIG. 1 configuration. 
The amplifier 422 may operate as a unity gain amplifier 

where the current sink 424 may conduct an amount of 
current, shown as I(X). In response to an amplifier output 
signal, conductivity of the variable impedance transistor 424 
may change which may regulate an amount of current I(X) 
passing through it. This current I(X) bypasses current the 
circuits Z of the battery monitor 400. In this manner, the 
Voltage reference circuit 420 maintains the Voltage at the Vss 
pin 450 at the same level as the voltage at the low voltage 
terminal of the battery monitor's associated battery (not 
shown), the voltage at input terminal 430. 

FIG. 5 illustrates a battery monitor 500 according to 
another embodiment of the present invention. In this 
embodiment, the voltage reference circuit 520 may include 
an operational amplifier (“op amp') 522 and a Zener diode 
524. In this embodiment, an output terminal of the op amp 
522 is coupled to the VSS terminal of the battery monitor 
500 and to the op amp's negative input terminal. The Zener 
diode 524 is shown connected between the battery monitors 
VDD and VSS terminals. Again, the voltage reference 
circuit 520 operates to maintain a voltage at the VSS 
terminal at a level that corresponds to the Voltage presented 
at the op amp's positive input terminal 540. 
The example embodiments described above with respect 

to FIGS. 2-3 are advantageous as compared to the conven 
tional battery stack monitoring system described with 
respect to FIG.1. As previously discussed, the embodiments 
of the present invention may balance current drain for all the 
batteries in a battery stack. As a result, the architecture of the 
embodiments of the present invention reduces EMI suscep 
tibility of the system. Additionally, the high value resistors 
placed between batteries in a stack and battery monitors in 
a stack may reduce the system’s Susceptibility to damage 
during ESD or “hot swap” (for example, replacing a dam 
aged battery monitoring circuit during continued operation 
of the system can damage other battery monitoring circuits 
and batteries in the system). 

While specific implementations and hardware configura 
tions for the battery stack system have been illustrated, it 
should be noted that other implementations and hardware 
configurations are possible and that no specific implemen 
tation or hardware configuration is needed. Thus, not all of 
the components illustrated may be needed for the device 
implementing the methods disclosed herein. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the battery stack 
of the present invention without departing from the spirit or 
scope of the invention. Thus, it is intended that the present 
invention cover the modifications and variations of this 
invention provided they come within the scope of the 
appended claims and their equivalents. 
What is claimed is: 
1. A battery monitor, comprising: 
a testing circuit having a test input for connection to a 

battery, the testing circuit having Supply inputs for 
connection to power inputs of the battery monitor, and 

a Voltage reference circuit having a high impedance input 
and an output, the high impedance input provided for 
connection to a low Voltage terminal of the battery and 
the output connected to one of the Supply inputs, the 
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reference circuit adapted to maintain a Voltage at the 
connected power input at a common level as a Voltage 
on the high impedance input. 

2. The battery monitor of claim 1, wherein the voltage 
reference circuit comprises a comparator. 

3. The battery monitor of claim 1, wherein the voltage 
reference circuit includes a current sink connected between 
the power inputs to the battery monitor and having a control 
input coupled to an output of an amplifier. 

4. The battery monitor of claim 1, wherein the voltage 
reference circuit includes a variable impedance transistor 
adapted to establish a conduction path between the power 
inputs to the battery monitor and having a control input 
coupled to an output of an amplifier. 

5. The battery monitor of claim 1, wherein the voltage 
reference circuit comprises: 

a current sink connected between the power inputs to the 
battery monitor and having a control input coupled to 
an output of an amplifier, and 

a current sink controller coupled to the input, the current 
sink controller to output a control signal including an 
offset component. 

6. The battery monitor of claim 1, wherein the voltage 
reference circuit accepts negligible current on the high 
impedance input. 

7. A battery monitor system, comprising: 
a plurality of battery monitors, each having a pair of 

Supply pins for high and low power inputs to the 
respective battery monitor, the Supply pins of a portion 
of the plurality of battery monitors connected to supply 
pins of other battery monitors to form a chain in which 
high Voltage Supply pins of the battery monitors in 
intermediate positions of the chain each are connected 
to a low Voltage Supply pin of an adjacent battery 
monitor in the chain and in which low voltage Supply 
pins of the battery monitors in intermediate positions of 
the chain each are connected to a high Voltage Supply 
pin of an adjacent battery monitor in the chain; and 

each battery monitor in the intermediate positions com 
prising a testing circuit and a voltage reference circuit, 
the Voltage reference circuit having a high impedance 
input and an output, the high impedance input for 
connection to a Voltage terminal of a battery and the 
output connected to one of the Supply pins, the refer 
ence circuit to maintain a Voltage at the connected 
Supply pin at a common level as a voltage on the high 
impedance input. 

8. The battery monitor system of claim 7, wherein the 
battery monitor in a top position of the chain comprises a 
Voltage reference circuit having a high impedance input and 
an output, the high impedance input for connection to a 
Voltage terminal of another battery and the output connected 
to one of the Supply pins, the reference circuit to maintain a 
Voltage at the connected Supply pin at a common level as a 
Voltage on the high impedance input. 

9. The battery monitor system of claim 7, wherein the 
battery monitor in a bottom position of the chain comprises 
a current source controlled by a programmable control 
register. 

10. The battery monitor system of claim 7, further com 
prising a stack of batteries, wherein an input of each battery 
monitor is connected to a terminal of a respective battery in 
the stack. 

11. The battery monitor system of claim 7, wherein the 
Voltage reference circuit of at least one battery monitor 
comprises a comparator. 
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12. The battery monitor system of claim 7, wherein the 

Voltage reference circuit of at least one battery monitor 
comprises an amplifier. 

13. The battery monitor system of claim 12, wherein the 
Voltage reference circuit of at least one battery monitor 
includes a current sink connected between the power inputs 
to the battery monitor and having a control input coupled to 
an output of the amplifier. 

14. The battery monitor system of claim 13, wherein the 
Voltage reference circuit of at least one battery monitor 
includes a variable impedance transistor for establishing a 
conduction path between the power inputs to the battery 
monitor and having a control input coupled to an output of 
the amplifier. 

15. The battery monitor system of claim 12, wherein the 
Voltage reference circuit of at least one battery monitor 
comprises: 

a current sink connected between the power inputs to the 
battery monitor and having a control input coupled to 
an output of the amplifier, and 

a current sink controller coupled to the input, the current 
sink controller to output a control signal including an 
offset component. 

16. The battery monitor system of claim 7, wherein the 
Voltage reference circuit of at least one battery monitor 
accepts negligible current on the high impedance input. 

17. A method for regulating voltage of a stack of batteries, 
comprising: 

conducting a current from the battery stack through a 
stack of associated battery monitor circuits, wherein 
voltage supply pins of battery monitors within the stack 
are connected to Voltage Supply pins of adjacent battery 
monitors of the stack, 

regulating Voltages at the Supply pins of the battery 
monitors at intermediate positions in the stack by 
comparing, for each battery monitor, a Voltage at the 
regulated Supply pin to a Voltage present at a terminal 
of a battery connected to the respective battery monitor. 

18. The method of claim 17, wherein the regulating 
includes conducting, through a bypass path of each battery 
monitor, an amount of current for the respective battery 
monitor. 

19. The method of claim 18, wherein, when a voltage at 
the regulated Supply pin of a battery monitor exceeds a 
voltage at the terminal of the battery connected to the 
respective battery monitor, increasing the amount of current 
conducted through the bypass path of the respective battery 
monitor. 

20. The method of claim 18, wherein, when a voltage at 
the regulated Supply pin of a battery monitor is less than a 
voltage the terminal of the battery connected to the respec 
tive battery monitor, decreasing the amount of current 
conducted through the bypass path of the respective battery 
monitor. 

21. The method of claim 17, wherein each battery monitor 
accepts negligible current through an input connecting the 
battery monitor to the terminal of the battery connected to 
the respective battery monitor. 

22. The method of claim 17, wherein the regulating 
Voltages at the Supply pins of the battery monitors is 
performed by a Voltage reference circuit that includes an op 
amp with an inverting input connected to a low Supply pin 
and a non-inverting input connected to a high impedance 
input of the Voltage reference circuit. 

23. A system for monitoring a battery stack, the system 
comprising: 
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a first battery monitor, the first battery monitor compris 
ing: 
a first low Voltage power input; 
a first high Voltage power input; 
a first testing circuit comprising a first test input for 

connection to a first battery of the battery stack; a 
first Supply input for connection to the first high 
Voltage power input; and a second Supply input for 
connection to the first low voltage power input; and 

a first voltage reference circuit comprising a first high 
impedance input for connection to a low voltage 
terminal of the first battery; and a first voltage 
reference output connected to the first low voltage 
power input, wherein the first voltage reference 
circuit is adapted to maintain a Voltage at the first low 
Voltage power input that is Substantially the same as 
a voltage at the low voltage terminal of the first 
battery; and 

a second battery monitor comprising: 
a second low Voltage power input; 
a second high Voltage power input connected to the first 

low Voltage power input, 
a second testing circuit comprising a second test input 

for connection to a second battery of the battery 
stack, a third Supply input for connection to the 
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second high Voltage power input; and a fourth Supply 
input for connection to the second low Voltage power 
input; and 

a second Voltage reference circuit comprising a second 
high impedance input for connection to a low voltage 
terminal of the second battery; and a second Voltage 
reference output connected to the second low voltage 
power input, wherein the second Voltage reference 
circuit is adapted to maintain a Voltage at the second 
low Voltage power input that is Substantially the 
same as a voltage at the low voltage terminal of the 
second battery. 

24. The system of claim 23, further comprising a third 
battery monitor, comprising: 

a third high Voltage power input connected to the second 
low voltage power input; 

a third low Voltage power input; 
a programmable control register; and 
a current source controlled by the programmable register, 

the current Source having a current Source input con 
nected to the third high Voltage power input and a 
current source output connected to a third low Voltage 
power input of the third battery monitor. 
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